An eccentric muscle activation is the controlled lengthening of the muscle under tension. Functionally, most leg muscles work eccentrically for some part of a normal gait cycle, to support the weight of the body against gravity and to absorb shock. During downhill running the role of eccentric work of the 'anti-gravity' muscles -knee extensors, muscles of the anterior and posterior tibial compartments and hip extensors -is accentuated. The purpose of this paper is to review the relationship between eccentric muscle activation and muscle damage, particularly as it relates to running, and specifically, downhill running. 
Mechanisms of muscle injury
Recent evidence indicates that skeletal muscle damage may be the primary mechanism contributing to muscle soreness and strength loss after eccentric exercisel-5. However, the relationship between skeletal muscle damage, muscle soreness and loss of muscle force is unclear. Muscle soreness peaks well before muscle damage indices and muscle weakness appears to be at its worst immediately post-exercise. There is substantial evidence that eccentric contractions cause more damage than other types of contraction" 2. Ultrastructural changes within skeletal muscle fibres were first demonstrated by Friden et al.3 following an exercise protocol of repeated stair descents which caused severe delayed onset muscle soreness (DOMS). Post-exercise samples showed myofibrillar disturbances consisting of Z-band disruption and streaming.
Two hypotheses, metabolic overload and mechanical strain, have been suggested as causative mechanisms for muscle damage. As eccentric activation causes most muscle damage, it suggests that high local muscle tensions are in some way more important than extreme metabolic demand in the aetiology of DOMS injury6. Appell et al.7 presented evidence to suggest that the mechanisms producing muscle damage after level endurance running and downhill running were not the same. A comparison was made of the histological structure of the rat soleus muscle, subjected either to a level endurance run or a downhill run. The loss of striation pattern seen in 15% of fibres at 48 h were predominantly in fibres which were glycogen de- pleted. This suggests a metabolic aetiology for the damage. Glycogen depletion was present in 25% of the fibres immediately after level running and increased to 33%, 48 hours later. There were similar levels of lysosomes in the muscle fibres. This, combined with an immediate 16% loss of sarcomere organization, suggested an autophagic response, due to metabolic exhaustion and enzyme leakage. In contrast, however, the downhill running muscle had higher disruption levels (33% of fibres with immediate loss of sarcomere organization) but no glycogen depletion or lysosome occurrence in the fibres. This lack of glycogen depletion and absence of autophagic response supports a mechanical origin of muscle damage8.
Strength loss
Perhaps one of the more noticeable effects of eccentric exercise induced by downhill running is the acute loss of strength which continues for some days after the damaging exercise9'2. Short-term strength loss is also experienced after concentric and isometric exercise. The longer duration strength loss, associated with eccentric exercise, has been attributed to sarcoplasmic reticulum damage. This latter theory has been postulated by Clarkson et 
Creatine kinase
Creatine kinase is found in skeletal muscle, cardiac muscle and the brain. Abnormally high circulating levels of enzymes such as creatine kinase are taken to reflect changes in the integrity of muscle fibre membranes -either damage to, or increased permeability, of the membrane to the enzyme. Eccentric activation of muscle has been widely implicated as the cause of large increases in plasma creatine kinase (PCK) after exercised24 There appears to be a quantitive difference in the PCK response between high force, maximal eccentric exercise and downhill running. For example, after maximal eccentric exercise of the forearm flexors, Clarkson et al.9 observed that PCK levels started to rise quickly after 2 days and peaked at 4 days at a level of about 2500U-1' High intensity eccentric exercise in untrained men produced a mean peak PCK response of 2143 u l-l at 5 days25. Peak levels of around 1500-11 000 u-1l' were reported by Newham et al. 26 after maximal eccentric exercise. After highintensity eccentric exercise of the knee extensors, PCK has also reached levels of 6988 ± 1913u u-I at the third day after exercise27.
In contrast, PCK levels after downhill running seem to peak much earlier, at a much lower level. Examples of this are levels of 339±379.6u'1-1, observed by Byrnes et Winter49 that the ankle is a net generator of force, while the knee is a net absorber in level jogging. There may not be sufficient range in the ankle to let the calf muscles act efficiently as absorbers of force. Because of the functional position of the ankle, the posterior calf muscles may simply be more adapted to working at their long length, protecting them from muscle damage in downhill running. Power generation/absorption is the product of joint moment and joint angular velocity and is either a positive or negative quantity, depending on the directions of joint moment and angular velocity. Buczec Variation in intensity of the eccentric exercise may be the reason for the differences in both time course and magnitude of PCK response between downhill running and high intensity eccentric exercise. Most protocols using high-intensity eccentric exercise were careful to eliminate all concentric components from the tests. In contrast, downhill running is a much more functional activity, combining concentric and eccentric exercise. The physiological consequences of downhill running seem to be closer to normal reactions to muscle damage with moderate PCK increases. There is evidence to suggest that a prior bout of eccentric exercise does reduce decrements in strength, severity of muscle damage and perceived muscle soreness after a subsequent bout of downhill running.
